Abstract 10 CO 2 -consumption by chemical weathering of silicates and resulting silicate/carbonate weathering 11 ratios influences long-term climate changes. However, little is known of the spatial extension of highly 12 active weathering regions and their proportion of global CO 2 -consumption. As those regions may be of 13 significant importance for global climate change, global CO 2 -consumption is calculated here at high 14 resolution, to adequately represent them. In previous studies global CO 2 -consumption is estimated 15 using two different approaches: i) a reverse approach based on hydrochemical fluxes from large rivers 16
contribution from carbonates apparent in silicate dominated lithological classes. To address these 23 issues, a CO 2 -consumption model, trained at high resolution data, is applied here to a global vector 24 based lithological map with 15 lithological classes. The calibration data were obtained from areas 25 representing a wide range of weathering rates. Resulting global CO 2 -consumption by chemical 26 weathering is similar to earlier estimates (237 Mt C a -1 ) but the proportion of silicate weathering is 27 63%, and thus larger than previous estimates (49 to 60%). The application of the enhanced lithological 28 classification scheme reveals that it is important to distinguish among the various types of sedimentary 29 rocks and their diagenetic history to evaluate the spatial distribution of rock weathering. Results
5
To achieve a new model recognizing the new lithological classification scheme, river chemical data 128
were taken from a data base of Japanese rivers (Harashima et al., 2006) based on the work of 129 Kobayashi (1960) Thus the model was identified as being stable. The model was evaluated reviewing residuals, which 154 were found to be normally distributed. The sum of modelled bicarbonate fluxes from all applied 155 catchments is within a range of 5% of all observed fluxes. This is a good value if compared to previous 6 For calculation of carbonate contribution to bicarbonate fluxes from non-carbonate sedimentary rocks, 158 a Ca/Na normalization technique has been applied (Hartmann, 2009 
with b L being the calibration parameter for the lithological class L, q denotes annual runoff in mm a The resulting high-resolution forward model yields a total CO 2 -consumption rate of 237 Mt C a -1 for 210 exorheic areas (Table 1) , similar to previous studies (Table 2) 
). 238
Results show that differences in mineral composition and diagenesis state have a profound influence 239 on the estimation of the spatial distribution of global CO 2 -uptake by chemical weathering (Table 1 & The contribution of carbonates to CO 2 -consumption from silicate dominated classes SS, SM, MT and 247 PA is 13%, 53%, 46% and 16%, respectively. These proportions were identified from the training data 248 set representing catchments on the Japanese Archipelago, but may be different if further regional data 249 would be recognized for model calibration. Applied on the global scale this model reveals that about9 12.6% of the carbonate CO 2 -consumption can be attributed to silicate dominated lithological classes. 251
Specifically carbonate contribution from silicate dominated sediments SS and SM is important (Table1 252 and consumption is nearly the same as has been calculated for the total carbonate CO 2 -consumption in 272 this study. Note, the contribution of non-carbonate rock (SC) lithological classes to carbonate CO 2 -273 consumption was not considered in the study of Amiotte-Suchet et al. (2003) and Munhoven (2002) , 274 but the problem has been noticed. Recognizing carbonate weathering in other lithological classes than 275 SC the carbonate proportion of the total exorheic, global CO 2 -consumption rate is 37% (Table 2 ). The 276 model applied in this study has been calibrated using the same runoff data as have been applied 277 globally. Other models had been calibrated by instantly measured discharge data and then the derived 278 model has been applied to different data sets. 279
The carbonate proportion on total weathering CO 2 -consumption (51.4%) in the referenced reverse 280 model of Gaillardet et al. (1999) is also high if compared with results here (Table 2 ). This is probably 281 caused by the application of only two end-member compositions (i.e., granitoid and carbonate rocks) 282 for distinction between silicate and carbonate weathering on the global scale (Gaillardet et al., 1999 The contribution of basalt to global silicate weathering is estimated here to 16.5% (Table 1) been applied alternatively to the new geodata used in this study (lithology and runoff). In result, global 300 CO 2 -consumption increases by 19.6 Mt C a -1 and silicate weathering proportion increases from 63.0% 301 to 65.6%, while the contribution of basalt weathering to global CO 2 -consumption of silicates is found to 302 be 25.5% (Table 1, hydrological parameters due to climate changes has a pronounced impact on the CO 2 -consumption 332 rates. Note, until now no spatially explicit weathering model module was incorporated into a spatially 333 explicit Global Circulation Model (GCM). Typical GCMs, excluding box models, use spatially explicit 334 functions for matter transfer between applied reservoirs with a geodata resolution of 2° to 3.75°. 335
Results from this study suggest that to integrate high-resolution global weathering models into such 336
GCMs demands a calibration of weathering functions and applied lithology for upscaling effects to 337 address the small, highly active, areas being responsible for the majority of weathering derived fluxes. 338
Presented CO 2 -consumption models focus on the uptake of CO 2 by chemical weathering and is that changes of the potentially important controlling factor temperature are not recognized (c.f. 366 Lerman et al., 2007) . In this study, temperature could not be established as a dominant controlling 367 factor, probably due to the properties of the applied training catchments and because it was found that 368 temperature information is partly represented by the applied runoff data (see for further discussion: 369
Hartmann, 2009). However, considering the temperature differences between the LGM and today this 370 factor may be of importance. Also, possible effects of changes in land cover (note: runoff is impacted 371 by land cover) as well as differences in the distribution of loess (containing carbonates in general) 372 since the LGM are not considered until now. LGM weathering studies (Munhoven, 2002) This study This study Munhoven (2002) runoff mm a 
